Twenty-one Simmental crossbred bulls (311 -+ 11 kg, 9 mo of age) were used to determine the effect of feeding 10, 12 or 14% CP on concentrations of hormones in blood and the relationship of these hormones to composition of gain. Six bulls were slaughtered on d 0 to provide an estimate of initial carcass composition (9-11 rib section). Remaining bulls were assigned to dietary treatments. Blood samples were collected every 30 rain from 0800 to 2000 Testosterone:cortisol ratio was not related to composition, but high T coupled with low C may be related to carcass leanness (mean carcass fat = 24.4%). These data suggest that GH and IGF-I are the hormones most related to composition of gain in growing beef bulls.
I ntroduction
It is well known that the endocrine system influences growth (Spencer, 1985) . Improvement in efficiency of animal production will come with increased understanding of the nature of this influence. Circulating concentra-. tions of hormones have been compared with rate of growth and with carcass composition of steers (Trenkle and Topel, 1978) . These comparisons have not been made in bulls, which have more lean and less fat than steers. The nature of the relationship between endocrine factors and the rate of accumulation of fat and lean accumulation remains relatively unexplored. Accepted May 25, 1988. Dietary CP level can alter carcass composition or rate of accretion of carcass fat and protein (Anderson et al., 1988) . It is expected that observed changes in carcass composition are due in part to changes in endocrine factors. Growth hormone (GH), insulin-like growth factor I (IGF-I), insulin (INS), cortisol (C) and sex steroids such as testosterone (T) are the hormones thought to be most directly involved in control of growth and carcass composition (Mersmann, 1987) .
The objective of this study was to determine concentrations of these hormones in bulls fed diets containing different CP levels and to compare concentrations of these hormones with composition of gain.
Materials and Methods
Cattle and Management. Twenty-one Simmental crossbred bulls (initial wt 311 -+ 11 kg, 9 mo of age) were utilized in a randomized 3059 J. Anim. Sci. 1988 .66:3059-3067 complete block design. Bulls were halter-trained to reduce stress during blood sampling and assigned to one of three dietary treatment groups (10, 12 or 14% CP, n = 5/treatment group) or to slaughter on d 0 to provide an estimate of initial carcass composition (six bulls). Experimental diets are listed in Table 1 . Complete management details, collection of carcass data and estimation of carcass composition have been described previously (Anderson et ai., 1988) . No growth promoting implants were used.
Blood Collection and Handling. On d -1, 65, 135 and 201 of treatment, bulls were removed from their pens 3 h after their regular feeding at 1100, fitted with polyvinyl jugular cannulas and placed in individual stalls. The next day, beginning at 0800, blood samples were taken from each bull every 30 min until 2000. Bulls were fed at 1100. Sera and plasma were obtained by centrifugation, decanted and stored at -20~ until assayed.
Hormone Assays. All sera were assayed for GH (Purchas et al., 1970) and INS (ViUa-Godoy, 1987) . Samples collected between 1400 and 2000 were assayed for C (Purchaset al., 1985) and T (Kiser et al., 1978) . Plasma from samples collected at 1000 and 1800 were assayed for unbound IGF-I 4 (for validation, see Appendix 1) and thyroxine (T 4) and triiodothyronine (T a ) (Refsal et al., 1984) .
In an attempt to characterize the pattern of circulating IGF-I, plasma samples collected 4Somatomedin-C Radioimmunoassay, Nichols Institute Diagnostics, San Juan Capistrano, CA. between 0800 and 2000 were assayed for IGF-I from one randomly chosen buU on each day of sampling.
Statistical Analysis. Data were analyzed by split-plot ANOVA with repeated measurement (Gill, 1986) . Nonorthogonal contrasts of means were evaluated using Bonferroni t-test statistics (Gill, 1986) . Data from the characterization of circulating IGF-I were analyzed as a randomized complete block design with each bull serving as a block and time the treatment.
Results
Average daily gain and carcass composition data were previously reported (Anderson et al., 1988) and are summarized in Table 2 .
The treament • day of sampling interaction for GH was significant. Across treatments, GH dedined over time (P < .05; Table 3 ). From d 136 to 202 bulls fed 14% CP showed a greater (P < .05) GH decline than bulls fed the other diets.
On d 136 buUs fed 10 or 12% CP had greater IGF-I than bulls fed 14% (P < .05 ; Dietary CP level did not affect C concentrations (P > .05; Table 6 ). However, day of sampling influenced C (P < .001). Within each treatment group C on d 202 was greater than ' Means within a row wnhout a common superscript differ (P < .05).
CStandard error of a treatment group mean.
on d 0 and d 66 (P < .005) and d 136 (P < .05).
Bulls fed 14% CP had greater T on d 66 than on d 136 (P < .05, Table 7 ). Within each treatment group T on d 66 was greater than on d 0 (P < .06).
Dietary CP level did not affect T4 or T3 (P > .05; Tables 8 and 9, respectively). Within each treatment group T4 and T 3 increased from d 0 to d 202 (P < .05).
Using data pooled across treatment groups, simple correlations were calculated between measures of carcass composition and the mean GH and IGF-I of individual bulls. Insulin-like growth factor I was correlated negatively with percentage of carcass fat, carcass fat accretion rate, total carcass fat and fat thickness (r 2 = -.60, -.57, -.52 and -.73; all P < .05) but correlated positively with percentage carcass protein (r 2 = .60,P < .05). Correlations between GH and carcass fat accretion rate and fat thickness were negative and approached significance (r 2 = -.25 and -.19, both P < .10). No other hormones were significantly correlated aWithin all treatment groups GH dectined over time (P < .05).
bThe decline between d 136 and d 202 was greatest among bulls fed 14% CP (P < .05).
CStandard error of deviation within columns for individual days of treatments = .9.
dstandard error of deviation within rows for individual treatments = .6. aGreater than the mean of d 0 within treatment (P < .05).
bGreater than the mean of the 14% treatment group within day (P < .05).
CStandard error of deviation within columns for individual days of treatment = 42.
dstandard error of deviation within rows for individual treatments = 34. bond 66 bulls fed 14% CP had greater insulin concentrations than bulls fed 10% CP (P < .05).
Cstandard error of deviation within columns for individual days of treatment = 59.
dstandard error of deviation within rows for individual treatments = 60. CStandard error of deviation within columns for individual days Of treatment = 3.3.
dstandard error of deviation within rows for individual treatments = 3.1. Standard error of deviation within columns for individual days of treatment = 7.00.
Cstandard error of deviation within rows for individual treatment = 7.31. with these variables. Neither IGF-I nor GH was significantly correlated with protein accretion rates (P > .10). Time of sampling did not affect IGF-I (P > .05) in the four bulls characterized. However, the seven lowest and five highest time of sampling means could be separated from the others (P < .05). It was not possible to select a single time of sampling that would accurately predict mean IGF-I for each bull.
Discussion
Similar to the data of Trenkle (!971), Trenkle and Topel (1978) and Keller et al. (1978) , serum GH of the bulls in the present study declined as their age and weight increased. This apparent age effect may be mediated through growth hormone-releasing hormone (GRF), somatostatin on both. As age increases, the increase in GH in response to GRF decreases in several'species (Sonntag et al., 1983; Shibasaki et al., 1984) , including cattle (Johke et al., 1984) . In addition, pituitary sensitivity to somatostatin increases with age (Cuttler et aL, 1986) . Release of GH induced by GRF was not different in in vitro cultures of young and old rat pituitaries (Sonntag et al., 1983) , suggesting that the hypothalamus is involved in the age-related change. Trenlde and Topel (1978) attributed the decline in rate of gain as cattle age to a decrease in serum GH and a dilution of GH concentration per unit of BW. In our study, although the decrease in serum GH from d 136 to d 202 coincided with decreased growth rate, and the greatest decrease in both serum GH and in ADG occurred in the 14% CP group, GH of individual bulls was not correlated with ADG.
In contrast to Trenkle and Topel (1978) ,who reported a significant correlation between plasma GH concentrations and the percentage of muscle in the carcass, GH was not correlated to ribeye area, percentage of carcass protein or rate of carcass protein deposition in this study. No explanation for this is apparent. Roeder and Hossner (1986) reported that IGF-I stimulated protein synthesis and depressed protein degradation in muscle cells grown in culture. The significant correlation between circulating IGF-I and percentage carcass protein in this study suggests that IGF-I has an important role in muscle protein deposition. Circulating IGF-I concentrations in bulls fed 10% CP were particularly high on d 136 and 202 of feeding trial when the bulls exhibited compensatory weight and protein gain. Because circulating GH was not elevated in these bulls at d 136 and 202, we suggest that during compensatory gain IGF-I, but not GH, has a regulatory role in protein deposition.
Those investigators who have shown significant correlations between insulin-like growth factors (IGF) and growth rate (Ringberg-LundLarsen et ai., 1977; Ringberg, 1979) have used bioassays to measure IGF activity. Bioassays may measure a different portion or site of the IGF-I molecule than immunoreactive (RIA) quantification. If so, these data must be interpreted with caution. The time course of the bioassay differs from that of the RIA. If this allows for dissociation of the IGF-carrier protein complex, that could partially explain disagreements in data. Ringberg (1979) concluded that concentration of IGF generated by bioassay remained constant throughout the day. However, in the present study, IGF-I of individual bulls was variable throughout the 12-h sampling period (Figure 1 ). It is recommended that multiple samples be taken to assess IGF-I status. Sillence and Etherton (1987) have made a similar suggestion for determination of IGF-I in swine.
Insulin increased as age and weight of the bulls increased, similar to data from steers (Trenkle and Topel, 1978) . Although unrelated to the rate of fattening of individual bulls, INS was highly associated with fatness.
Serum C increased as bulls aged, in agreement with data from growing Jersey bulls (Anderson et al., 1973) and steers (Trenkle and Topel, 1978) . In contrast, Henricks et al. (1984) found no relationship between age and cortisol in bulls of similar age to those in this study. However, the bulls of Henricks et al. (1984) grew slower, were slaughtered at lower weights and may have been leaner than the bulls in this study. This age-or weight-related increase of C coincides with the increase in fatness; this could be a causatory or aperrnissive effect.
In agreement with Henricks et al. (1984) , but in contrast to Trenkle and Topel (1978) , no relationship was observed between C and ADG in the present study. Perhaps the presence of T diminishes the importance of C in mediating ADG in bulls. Serum C was not significantly correlated with carcass fatness in this study. This is in contrast to Trenkle and Topel (1978) %.
-- absence of such a relationship in this study may be a result of the low C concentrations and relatively low carcass fatness of the bulls. Serum T concentrations of the bulls in this study were higher than those reported by Henricks et al. (1984) in bulls of similar age. Because the presence of T is the ultimate cause for most of the differences between intact males and castrates, the latter being fatter (Galbraith et al., 1978) , the high T concentrations may account for the leanness of the carcasses of the bulls in this study. Androgenic steroids have been shown to decrease the ACTHstimulated production of C Rodway, 1982, 1983 ; Bukoski et al., 1986) , and the high T of the bulls in this study may be the cause of the low concentrations of C. Thus, high T, a protein anabolic hormone, coupled with low C would seem an ideal hormonal milieu for maximizing accretion of lean tissue and minimizing accumulation of fat. The bulls in this study had high T and low C, which may partially explain the low carcass fatness of these bulls and the high rates of lean tissue accretion. However, T/C ratios of individual bulls were not correlated with measures of composition.
From these data we conclude that GH and IGF-I are the hormones most closely related to diet-induced differences in composition of gain of bulls. However, the means by which these hormones elicit their effect in the intact animal is unclear. Further studies designed to elucidate the endocrine control of composition of growth should involve these hormones. Testosterone, C and INS appear to have less influence than GH and IGF-I on differences in body composition among bulls. et al., 1987) . Validation procedures were done with pools of basal plasma and plasma from cows that had received GRF in studies by Enright et al. (1986) . To assess dilution*l paraUelism, 50, 75, 100, 150, 200 or 250 gl plasma were diluted to 1 ml final volume with assay buffer. Fifty-microliter aliquots of these diluted samples were pipetted into 12-mm x 75-mm polystyrene tubes, and the assay was performed as per instructions by the manufacturer of the kit. Displacement of radioligand by these various dilutions is shown in Figure 2 . Assay sensitivity, estimated as the concentration at two SD below the average total specific binding, was 6 mU/tube (n = 7 assays). Interassay CV of basal Cg = 793 mU/ml) and GRFtreated (g = 1,189 mU/nl) bovine plasma (~ = 1,189 mU/ml) bovine plasma pools were 4.1% and 4.9%, respectively (n = 10 duplicates). Interassay CV for two basal plasma pools with mean concentrations of 189 mU/mol and 230 mU/ml were 19.6% and 13.1%, respectively (n = 5 assays). Samples from this experiment were diluted with assay buffer at a rate of 1:10.
Human IGF-I s was obtained and 5, 10 or 20 ng were added to 1-ml aliquots of bovine plasma. The exogenous IGF-I was not measured in the assay, presumably the result of interfex ~ ence of binding proteins (Figure 2 ). This result was similar to recovery studies in porcine s Receptor quality, estimated at 36.1 ng/unit bioactivity by the supplier, Imcera, Terra Haute, IN. plasma . When the human IGF-I was diluted in buffer and assayed, displacement of radioligand paraUeled the standard curve in human plasma (Figure 2 ).
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